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ムリヤデイ ロサデイ     ＊1  尹奎英       ＊2  奥宮正哉      ＊3 
 
Through numerical simulation, the solar heat gain and thermal 
transmitta ce of a double-skin façade in a hot and humid climat  was 
investigated using Indonesia’s climate condition as a case study and 
considering the orientation (east and west), the thickness, and the 
distance between glass skins. The results show that as the thickness of 
the glass skins increases, the amount of solar heat gain decreases. 
Similarly, the wider the distance between the outer and inner glass skins, 
the lower the thermal transmittance. In comparison with single-skin 
façades, double-skin façades exhibit the best performance at reducing the 
solar heat gain. 
 
 
1. Introduction 
 A double-skin façade is a glass covered building envelope system that 
consists of two transparent glass skins (namely, outer and inner glass) that 
surround an air cavity. The double-skin façade is equipped with a shading 
device as well as top and bottom ventilation. The air cavity serves as a 
channel for air exchange, providing natural ventilation to the double-skin 
façade, and also functions as a thermal buffer for the building interior1), 2). 
Within the air cavity, open gratings, which allow the free flow of air and 
serve as platforms for cleaning inside the cavity, are sometimes installed 
at each floor level. Fresh air from the outside is exchanged with the air in 
the cavity and is vented from the top of the building. 
 The advantages of double-skin façades have been reported by many 
researchers and building scientists3). Chan et al. have investigated the 
performance of a double-skin façade in Hong Kong in comparison with a 
conventional single-skin façade with absorptive glazing4). Also, through a 
comparison of double-skin and single-skin façades in a hot arid climate, 
Hamza found that a double-skin façade with reflective glass can achieve 
better energy savings than a single-skin façade with reflective glazing5). 
Xu and Yang have researched the thermal performance of a double-skin 
façade that uses natural ventilation and Venetian blinds6), and Hien et al. 
found that a double-skin façade with natural ventilation can reduce energy 
consumption as well as improve thermal comfort7). Taken together, these 
studies reveal that double-skin façades play an important role and are 
beneficial in connecting the indoor environment of a building to the 
outdoors. Since buildings with a large glazed façade incur excessively 
high electricity demand8), double-skin façades represent one means of 
lowering electricity consumption. 
Natural ventilation is an important aspect of double-skin façade 
performance, which is related to thermal transmittance and solar heat gain. 
Several investigations have been performed in which an integrated 
modeling process was used to define the relationship between natural 
ventilation and the thermal performance of double-skin façades9), 10), 11), 12), 
13). Most of these reports have focused on the stack effect or the solar 
chimney concept. 
Double-skin façades have proven to be effective at reducing heating 
loads in winter and cooling loads in summer, and they have been 
successfully applied in cold climates. However, there is currently 
insufficient information for designing a double-skin façade that can be 
used in a hot and humid climate such as Indonesia’s. In such climate 
conditions, buildings with facades facing west and east could receive high 
solar radiation throughout the year. A double-skin facade is one solution 
for minimizing the effect of solar radiation and thermal transmittance to 
the indoors. Therefore, this paper presents the calculated solar heat gain 
and thermal transmittance of west- and east-facing double-skin façades in 
hot and humid climates with Indonesia as a location case study. 
Calculations were performed for the case studies using a numerical model, 
taking into account Indonesia’s climate, the orientation of the façade (east 
and west), the thickness of the glass skins, and the distance between the 
outer and inner glass. 
 
2. Indonesia’s Climate Condition 
As previously mentioned, the case study for this research is Indonesia. 
It is located in a tropical area and has a hot and humid climate. There are 
only two seasons throughout the year: dry season and rainy season. The 
dry season is from April to September, and the rainy season is from 
October to March. 
The actual place of the case study is Makassar, formerly called Ujung 
Pandang. It is the capital of South Sulawesi Province, located in Sulawesi 
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Island at 5°8' South Latitude and 119°25' East Longitude. It is 1276.23 km 
distant from Jakarta heading east (see Figure 1). Figure 2 shows the 
climate data of Makassar. The climate data was taken from The 
Meteorological Climatological and Geophysical Agency of Indonesia.  
 
 
Fig. 1 Map of Indonesia 
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Fig. 2 Climate condition of Makassar, Indonesia 
 
3. Simulation of Double-skin Façade 
3.1 Numerical model 
An outline of the numerical analysis model that was used in this 
research can be found in Figure 3. The outer glass, the inner glass, the 
blinds, and the layer of air (which constitute the double-skin façade) were 
divided into a finite number of segments height-wise. The heat transfer in 
each layer was taken into account for the heat balance of each segment. 
Radiation, multiple reflections of solar radiation, and mutual radiation 
were considered. For the glass, the incident angle of direct solar radiation 
and the transmittance, reflectance, and absorptance ratios were taken into 
account. For the blinds, the variation in the absorption rate and upward 
and downward transmissions are changed by the profile angle of the 
blinds due to direct solar radiation, diffuse radiation, and ground reflection 
(Figure 4). 
 
Fig. 3 Outline of numerical analysis model 
 
 
Fig. 4 Multiple reflection of solar radiation 
 
The heat balance equations are as follows: 
- Heat balance equation for the outer glass skin. 
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- Heat balance equation for the air cavity. 
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- Heat balance equation for the shading device: 
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- Heat balance equation for the inner glass skin: 
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As illustrated in Figure 5, the solar heat gain is expressed as the amount 
of transmitted solar radiation (IT), radiative heat transfer (IR), and 
convective heat transfer (IC) that enters the room through the inner glass. 
The thermal transmittance is the radiative heat (QR) and convective heat 
(QC) caused by the temperature difference between the indoors and 
outdoors. 
 
 
Fig. 5 Heat transfer in double-skin façade 
 
The amount of heat gain by solar radiation (Iin) through the inner glass 
is the sum of the primary transmittance, which is the fraction of shortwave 
solar radiation that is directly penetrated into the indoors (IT), and 
secondary transmittance, which is absorbed by the inner glass and 
reradiated as radiative and convective component (IR + IC respectively) as 
shown below. 
in T R CI I I I    …(5) 
The amount of heat gain by thermal transmittance (Qin) due to the 
temperature difference between outdoors and indoors is 
( ) 
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By numerical calculation, we can determine the value of IR+IC+QR+QC 
as follows: 
( )R C R C i ig iI I Q Q         …(7) 
Note that the radiation and heat transfer due to the temperature 
differences between the indoors and outdoors shall be separated by 
performing an additional simulation. In this simulation, the input data for 
the indoor set temperature and the ambient temperature were the same, 
and the air flow in the cavity of double-skin was determined based on the 
previous simulation. The temperature of the inner glass surface (θig’) can 
be determined, and the radiation heat transfer can be separated by this 
additional simulation, where 
( ' )R C i ig iI I       …(8) 
( ')R C i ig iQ Q       …(9) 
Furthermore, the amount of penetrated solar heat gains (Iin) and the 
thermal transmittance (Qin) into the indoors can be calculated as follows:  
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The numerical method was evaluated by the field measurement result 
conducted at Izumi Media Building, Meiji University Tokyo14), 15). The 
measurement was done in summer at 23 and 30 August with time interval 
between each measurement was 5 minutes. Items measured are air 
temperature in double-skin, glass surface temperature, room air 
temperature, the amount of solar radiation in double-skin, wind speed in 
double-skin.  
The result shows that in summer, where the ambient temperature is 
relatively similar to the ambient temperature in Indonesia; the difference 
of both measured and simulated mean temperature in double-skin façade 
is 3°C. The difference between the measured and simulated amount of 
ventilation in double-skin façade is 1% in summer. Although the result is 
not exactly the same, the difference is not high enough, and it can be said 
that the numerical method can be used to predict the performance of 
double-skin façade. 
3.2 Simulation cases and operational conditions 
In this study, a five-story double-skin façade model is used. In the 
model, the orientation of the façade, the thickness of the outer and inner 
glass skins, and the distance between them are varied. Between the outer 
and inner glass skins, light-colored horizontal blinds are attached to serve 
as a shading device. The five-story double-skin façade model was selected 
out of consideration of the effectiveness of the natural ventilation process 
in the air cavity of the double-skin façade. 
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Fig. 6 Double-skin façade model 
 
To simplify the calculations, the double-skin façade components, 
namely, the outer glass, the inner glass, the shading device, and the air 
cavity, are divided into a finite number of segments in the height direction, 
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where each story consists of two segments (see Figure 6). Table 1 lists the 
cases used in the calculation. 
 
Table 1 Cases of double-skin 
O
rie
nt
at
io
n 
Cases 
Glass 
thickness 
Outer 
and 
inner 
glass 
distance 
[cm] 
O
rie
nt
at
io
n 
Cases 
Glass 
thickness 
Outer 
and 
inner 
glass 
distance 
[cm] 
Outer 
glass 
[mm] 
Inner 
glass 
[mm] 
Outer 
glass 
[mm] 
Inner 
glass 
[mm]
Ea
st
 
Case E1 10 6 80 
W
es
t 
Case W1 10 6 80 
Case E2 10 8 80 Case W2 10 8 80 
Case E3 10 10 80 Case W3 10 10 80 
Case E4 10 12 80 Case W4 10 12 80 
Case E5 12 12 80 Case W5 12 12 80 
Case E6 10 6 100 Case W6 10 6 100 
Case E7 10 8 100 Case W7 10 8 100 
Case E8 10 10 100 Case W8 10 10 100 
Case E9 10 12 100 Case W9 10 12 100 
Case E10 12 12 100 Case W10 12 12 100 
Case E11 10 6 150 Case W11 10 6 150 
Case E12 10 8 150 Case W12 10 8 150 
Case E13 10 10 150 Case E13 10 10 150 
Case E14 10 12 150 Case E14 10 12 150 
Case E15 12 12 150 Case E15 12 12 150 
Case E16 10 6 200 Case W16 10 6 200 
Case E17 10 8 200 Case E17 10 8 200 
Case E18 10 10 200 Case E18 10 10 200 
Case E19 10 12 200 Case E19 10 12 200 
Case E20 12 12 200 Case E20 12 12 200 
 
Table 2 Design and operational parameter 
Physical properties Value 
Azimuth angle of East oriented double-skin [°] 
Azimuth angle of West oriented double-skin [°] 
Inclined angle of double-skin [°] 
Thickness of outer glass (refer to Table 1) 
Thickness of inner glass (refer to Table 1) 
Outer layer thick divided by blinds for 200 cm distance [m] 
Outer layer thick divided by blinds for 150 cm distance [m] 
Outer layer thick divided by blinds for 100 cm distance [m] 
Outer layer thick divided by blinds for 80 cm distance [m] 
Inner layer thick divided by blinds [m] 
Slat angle of blinds [°] 
Solar transmittance of blinds 
Solar absorptance of blinds  
Emissivity of blinds 
Emissivity of glass 
Flow coefficient of lower and upper aperture 
Area of lower and upper aperture [m2/m] 
Ground reflectance 
-90 
90 
90 
 
 
1.9 
1.4 
0.9 
0.7 
0.1 
45 
0.1 
0.5 
0.95 
0.837 
0.65 
0.30 
0.14 
 
The design conditions of the double-skin, the operational scheme, and 
the weather conditions were considered. The thickness of glass, the 
emissivity, transmissivity and absorbsivity of the glass and blinds, the 
high and width of the double-skin, the depth between the outer glass and 
blinds, the depth between the blinds and inner glass, the inclination and 
azimuth angles related to the position of the double-skin, the dimension 
and coefficient of the air flow rate of the lower and upper apertures, and 
the ground reflectance were all taken into account (Table 2). 
The simulation runs are based on the design and operational parameters 
(Table 2) and the input weather conditions for working hours from 8:00 
am until 5:00 pm. The indoor temperature is set to 25 °C. Natural 
ventilation through the stack is applied, and the temperature inside the 
double-skin façade is calculated according to the heat balance equations. 
Both the temperature distribution and ventilation volume are calculated 
until convergence, which is when a stationary solution condition is 
obtained at each calculation time. The simulation flow chart can be found 
in Figure 7. 
 
 
Fig. 7 Simulation flow chart 
 
During the operational time of the double skin, the lower and upper 
apertures were opened. When the solar radiation reaches the outer skin, 
the temperature in the cavity will increase gradually. Opening the 
apertures allows fresh air from the outdoors to be introduced into the 
cavity through the lower aperture. Then, the warm air inside the 
double-skin façade is vented out through the upper aperture. 
The weather conditions take into account the ambient temperature, 
relative humidity, and solar radiation data. The data used is hourly data 
and was taken from the Meteorological, Climatological and Geophysical 
Agency of Indonesia. 
 
4．Results and Discussion 
4.1 Solar heat gain and thermal transmittance of east- and 
west-facing double-skin facade 
From the numerical simulation results, it is found that the hourly heat 
gain due to thermal transmittance is higher than the solar heat gain for 
both east- and west-facing double-skin façades. Figure 8 and Figure 9 
show the hourly solar heat gain and thermal transmittance of east- and 
west-facing double-skin façades, respectively. This phenomenon explains 
the benefit of double-skin façades in reducing the solar heat gain. 
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Double-skin façade components, such as the outer glass, shading device, 
and inner glass, play an important role in minimizing the effect of solar 
radiation into the indoor environment. However, since the temperature 
difference between ambient air and the indoors is relatively high, 
including high absorption at the outer glass, shading device, and inner 
glass causes high conduction in the double-skin. 
Furthermore, the thickness of the glass plays an important role in the 
solar heat gain performance of double-skin façades. As can be seen in 
Figure 8 and Figure 9, the solar heat gain of the double-skin façade with 
12-mm-thick outer and inner glass skins at any designated distance 
between is substantially less than that of other glass skin combinations. 
Otherwise, the lower glass thickness causes a higher solar heat gain at any 
glass skin distance combination. 
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Fig. 8 Hourly solar heat gain and thermal transmittance of 
east-facing double-skin façade 
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Fig. 9 Hourly solar heat gain and thermal transmittance of 
west-facing double-skin façade 
 
In contrast, the distance between the outer and inner glass skins of the 
double-skin façade strongly influences the thermal transmittance. As can 
be seen in Figure 8 and Figure 9, the double-skin cases with an 80 cm 
distance between the outer and inner glass have a higher thermal 
transmittance indication. A substantial reduction in thermal transmittance 
is achieved at a distance of 200 cm between the outer and inner glass skins, 
while the solar heat gain at that distance is nearly constant. Therefore, 
thermal transmittance appears to affect the load more strongly than the 
solar heat gain. Furthermore, the thermal transmittance of a double-skin 
façade is mostly influenced by the distance between the outer and inner 
glass skin, while the solar heat gain is influenced mainly by the thickness 
of the glass. 
 
4.2 Comparison of thermal transmittance and solar heat gain 
among double-skin and single-skin façades 
To define the effectiveness of a double-skin façade, the thermal 
transmittance and solar heat gain were compared with those of single-skin 
façades. The models of the double-skin and single-skin façades and their 
orientations are the same, except for the glass properties. The properties of 
the single-glass façade that are used for the comparison are based on those 
commonly used in buildings in Indonesia. 
Through this comparison, the benefits of a double-skin façade in 
reducing the heat gains can be identified. The single-skin façades have the 
following properties: 
a. Float glass with light-colored inner blinds (FL+BD) – the shading 
coefficient is 0.55, and the overall heat transfer coefficient is 4.8 
[W/m2•K]. 
b. Double-glazed glass with 6 mm air layer, equipped with light-colored 
inner blinds (ML+BD) – the shading coefficient is 0.54, and the 
overall heat transfer coefficient is 3.0 [W/m2•K]. 
c. Highly insulated double-glazed glass with 6 mm air layer, equipped 
with light-colored inner blinds (HF+BD) – the shading coefficient is 
0.34, and the overall heat transfer coefficient is 2.2 [W/m2•K]. 
 
FL
+B
D
M
L+
BD
H
L+
BD
C
as
e 
E1
C
as
e 
E2
C
as
e 
E3
C
as
e 
E4
C
as
e 
E5
C
as
e 
E6
C
as
e 
E7
C
as
e 
E8
C
as
e 
E9
C
as
e 
E1
0
C
as
e 
E1
1
C
as
e 
E1
2
C
as
e 
E1
3
C
as
e 
E1
4
C
as
e 
E1
5
C
as
e 
E1
6
C
as
e 
E1
7
C
as
e 
E1
8
C
as
e 
E1
9
C
as
e 
E2
0
0
10
20
30
40
50
60
70
80
90
100
110
120
130
140
150  Thermal transmittance [Wh/m2]
 Solar heat gain [Wh/m2]
Fig. 10 Comparison of hourly thermal transmittance and solar heat 
gain among east-facing double-skin and single-skin façades 
 
As seen in Figure 10, double-skin façades have higher thermal 
transmittance but lower in solar heat gain in comparison with single-skin 
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facades. On the other hand, the single-skin façades have higher solar heat 
gain but lower thermal transmittance. Through this comparison, it can be 
stated clearly that the heat gain can be reduced by more than 50% through 
the use of a double-skin façade instead of a single-skin façade. In the case 
of single-skin façades, more than 80% of the heat gain is due to solar heat 
gain and less than 20% is due to thermal transmittance. This is different 
from the heat gain values seen in the double-skin façades. In contrast, for 
the double-skin façades, approximately 80% of the solar heat gain due to 
orientation is caused by thermal transmittance and about 20% is caused by 
the solar heat gains. However, since there is a large reduction in the solar 
heat gain, the overall heat gain of the double-skin façade is lower than that 
of the single-skin façade. This result indicates that the double-skin façade 
is applicable and can be more beneficial in reducing the façade heat gain 
in the hot and humid areas such as Indonesia. 
 
5. Conclusion  
The heat gain performance of east- and west- facing double-skin façade 
models has been simulated, and the cases have been compared with 
single-skin façade window systems for a hot and humid climate using the 
case study of Indonesia’s climate. It was found that the thermal 
transmittance was higher than the solar heat gain throughout the year. The 
double-skin façade was also found to be effective at minimizing the heat 
gain due to solar heat gain.  
Selecting a suitable combination of inner and outer glass skin 
thicknesses is useful for reducing the solar heat gain, and the distance 
between the outer and inner glass skins is an important factor for reducing 
the heat gain due to thermal transmittance in a double-skin façade system. 
Moreover, the double-skin façade also exhibited the best performance at 
reducing the solar heat gain when compared with a single-skin façade, and 
more than 50% of the heat gain can be reduced when using a double-skin 
facade.  
In future work, it will be necessary to extend the simulation to take into 
account several glass properties, including glass coatings, to determine the 
performance of double-skin façades at reducing the heat gain. 
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Nomenclature 
θ Temperature [°C] 
α  Heat transfer coefficient [W/(m2•K)] 
I  Solar radiation [W/m2] 
ρ  Density of air [kg/m3] 
c  Specific heat of air [kJ/(kg•K)] 
υ  Amount of ventilation per-unit width of double-skin [m3/(s•m)] 
G  Absorption coefficient of emission [-] 
Iin  Amount of solar heat gain trough window [W/m2] 
IR  Radiative component absorbed into inner glass [W/m2] 
IC  Convective component absorbed into inner glass [W/m2] 
Qin  Heat flow through the inner glass coming from temperature difference between 
outdoor and indoor [W/(m2•K)] 
QR  Radiative heat transfer due to temperature difference between indoor and 
outdoor [W/m2] 
QC  Convective heat transfer due to temperature difference between indoor and 
outdoor [W/m2] 
z Height of the segment of double-skin [m] 
n Number of segment 
 
Subscripts:  
o : ambient, c : convective, a : absorptive, r : radiative, og : outer glass, ig : inner 
glass, air : air layer in double-skin, i : indoor, sd : shading device 
